UNCLASSIFIED 


AD  401  737 

if  iUe 

DEFENSE  DOCUMENTATION  CENTER 

FOR 

SCIENTIFIC  AND  TECHNICAL  INFORMATION 

CAMERON  STATION.  ALEXANDRIA.  VIRGINIA 


UNCLASSIFIED 


ROnCl:  Whan  govni— at  or  othor  dravlngs,  apeei* 
fieations  or  otlior  data  are  uaad  for  aay  puipoae 
otliar  than  in  coDDaetlan  vltli  a  daflnltaly  ralatad 
goran—Dt  procttr— ant  oparatlom,  tha  U.  8. 
OoTamaaiit  tharaby  laeura  no  raaponalbiUty,  nor  any 
obligation  abataoevar)  and  tha  fact  that  tha  dovaxn* 
■ant  aay  hava  fozHdatad,  furniahad,  or  In  any  way 
auppUad  tha  aald  drairlnga^  apaelfleatlcns,  or  othar 
data  la  not  to  ba  ragardad  by  lagpUcatlon  or  othar* 
vlaa  aa  In  aay  aarmar  Ueanalng  tha  holdar  or  any 
othar  parson  or  corporation,  or  convaylng  any  rli^ta 
or  pamlsalon  to  ■anuftetura,  usa  or  aall  any 
patantad  Inrantlon  that  any  In  aay  way  ba  ralatad 
tharato. 


^ 


Contract  AF19(62B)^307 
SCIENTIFIC  REPORT  NO.  1 


ANTIMNA  SYSTiMS  lAIORATORY 
UNIViRSITY  OF  NiW  HAMRSHIRI 
DiPARTMCNT  OF  IliCTRICAl  iNOINEERINO 
DURHAM,  NEW  HAMPSHIRE 


DECEMBER  1,  1962 


AFISC  (Amtc  TMh  Llbm3r-IID-13$) 
Patrtok  AFB*  Fla. 

m 

ItaMll  AFB,  Ala. 

OAR  (SROB,  Col.  John  R.  FoAor) 

Taapo  D 

Utti  and  Indopomloiioo  kWf  Wash  2$,  D.C. 

AFOBR,  OAR  (afOTP) 
thwpo  D 

lith  and  IndopoBdono#  Ato,  Wash  2$,  D.C. 

ASD  (ASAFRD  -  Dlst) 

Ibrlght^Pattonoo  AFB(  Ohio 

RADC  (RATU)) 

Qriffisa  AfB,  Row  Tork 
Attat  Doconanta  Libraqr 

AP  MLaaila  Dayalopnant  Cantor  (MDOBT) 
HoUonan  AFB^  lav  Ifaxleo 

Mq.  CAR  (RR06P|  HaJ.  Richard  1.  Nalaon) 
Waahlngton  25^  P.C. 

ARL  (ARA<4) 

Llbr^  AFL  2292y  Rolldlng  U50 
Irl^t^ftttoraah  AFB,  Ohio 

rnamtii  ng  Oonaral 
aSASRDL 

Ft.  Monaonth,,  B.J. 

Attat  Taoh  tte.  Ctr. 

SiaRA/SI.;jlDT 

OapartMBt  of  thm  knr 

Offloa  of  tha  Chief  Signal  Offloor 

laahlng^  25,  t).C* 

Attni 

Co— andlng  Dfflear 
Attat  ORDTI/^ 

Dlaaoad  Ordaam  Fnao  Laboratoriaa 
Waahlalton  25|  O.C. 

Radatono  Selantlflo  Inforaatlon  Canter 
U.8.  Aftjr  l^slijO  Con— ad 
Radatono  Araonal,  Alabau 

Offloa  of  Selantlflo  IntalUganoa 
Contral  Intalllgapoa  Agancj 
2li30  I  Stroat,  R.f . 

Waahlngtan  2$,  D.C. 

ASTU  (TIFAA) 

Arllng^  Hall  Station 
Arlington  12,  Virginia 


Solantiflo  and  TaOhnloal  Inforaatlon  Faollltgr 
Attat  VISA  Raprasantatlra  (S-AK^) 

P.O.  Boa  5700 
Bathaada,  Maiylaad 

Dlraotor 

LaaRlaor  Raaaardi  Cantor 

National  Aaronantloa  and  Spaea  Adainiatratl— 

Langlaj  Fiald,  Virginia 

Chief,  Boraaa  of  Rarai  Weapons 
Dapartatant  of  the  Haagr 
Washington  25,  D.C. 

Attnt  DLI-31 

Dlraotor  (Coda  2C27) 

U.S.  Naral  Reoearoh  Laboratorr 
Washington  25,  D.C. 

Dlraotor,  OSAP  Projoet  BAUD 
lha  Rand  Corporation 
1700  Main  Stroat 
Santa  Monloa,  California 
IBRDt  AF  Liaison  Offloa 

AfCRL,  OAR  (CRXRA  •  Stop  39) 

L.O.  Ranseon  Field 
Bedford,  Mass. 

Toohnloal  Infomatlon  Offloa 
Boropean  Offloa,  Aaroapaoo  Rosaaroh 
Shdll  Building,  lt7  Canterotean 
Bmaaols,  Balgl— 

U.S.  Amir  Arlatlon  Hunan  Rasoaroh  Unit 
U.S.  Continental  Amg  Con—nd 
P.O.  Bok  1i26,  Fort  Ruolcer,  Alaha— 

Attnt  MaJ.  Ama  H.  Sliasaon 

Library 

Boulder  Laboratoriaa 
Rational  Burasu  of  Standards 
Boulder,  Colorado 

Ihstituta  of  the  Aaroapaoa  Solanoaa,  Ino. 

2  Bast  6bth  Street 
Nan  York  21,  Ron  York 
Attat  Librarian 

AFCRL,  OAR  (CRXR,  J.R.  Marple) 

L.O.  Hansoon  Field 
Bedford,  Mass. 

Offloa  of  Naral  Raaaaroh 
Braaoh  Offloa,  London 
Raoy  100,  Box  39 
F.P.O.,  Raw  York,  R.Y. 


-e- 


lIuwMhvMtta  iMtltnto  of  Toehnology 
SoMoroh  Loiberotaqr 
26,  Boom  327 

(MxrSdfo  39,  Muoaohnootto 
Attai  John  R*  HMltt 

Aldoraoa  Ubraqr 
OniToraltar  of  nrglnla 
CharlottooTtUo*  YlrglBlo 

Oofonoo  Rosooroh  IMDor 
Canadian  Joint  Staff 
2li50  KaooaohttMtta.  ivonoo,  N.f . 
Waahington  8«  D^Cit. 

AFSC  (SCiXC) 

AndioM  AFB,,  WaaS  2$,  D,C, 

Rational  iorahantioa  and  Spaeo  Igonej 

1520  H  Stroot,,  M*4 

Waahincton  2$^,  ttffS, 

Attni  Llbrai7 

Diraetort  iTic^ea  DlTialon  (AV) 
Boraan  of  Aarona^ioa 
Dapartnant  of  tho  Haay 
Wa^  2$,  O.C* 

Booton  Svb  Offioo* 

Pitaat  Frodootlon  Branoh 
(Bi  AHC)  HanihJ  Om,  Hoopital 
Bvildinc  133*  o2U  Trapalo  Road 
Walthan  $k,  Mua. 

Oirootor,  0.8.  Anqr  Ordnuma 
Balliatie  Rataaroh  Laboratoriao 
Abardoan  Fnovinc  Qroond,  Raiyland 
Attni  BaUiatio  Maat.  Laboratoiy 

Piekard  A  Barnaf  Ine. 

2U0  Hichlaiid  ATanno 
Haodhan  9U(  Haaa. 

Standard  Oil  Conpaiqr 
Chanioal  and  ngro*  l<*oh.  Dir. 
iiUO  WarranoTiUo  Cntr.  Road 
CXoraland  28,  Ohio 

Philoo  Corporation 
Waapona  Dor.  Lab. 

3875  Pabian  Wap 
Fnlo  Alto,  California 

Sjrlrania  Elootrio  Prodoota,  Ino. 
I^otronie  Sjpataaa  Diriaion 
lliaalla  Sjratan  Laboratorjr 
100  Firat  Aranua,  Walthan,  llaaa. 


Qanaral  Elaetrle  Coapanr 
Oanaral  Bnginaaring  Laboratocj 
1  Riror  Road,  Sohanaetadp,  R*T. 

Coamandlng  Offioar  and  Diroetor 
0.8.  Warp  BLaotronioa  Lab.  (Lib) 
San  Uofa  $2^  OdUfioraU 

California  liaatitata  of  Toohnoloip 
Jot  Propolaion  Laboratoqr 
U800  Oak  Qrora  Drtva 
Paaadana,  CaUfomia 
Attni  Ihr.  I.B.  NoWlan 

Rapthaon  Conpanp 
Bon  $5$,  Harbaall  Road 
Badford,  Haaa. 

Attni  I.  0^4latain,  Mam^ar 
Solid  Stata  Phpaioa 

Coanandar 

Paolfle  liiaaila  Ranga 
Attni  J.W.  Shaliabargor 
0.8.  Naral  maaila  Cantar 
Point  Hagn,  California 

Tha  Onlraraitf  of  Rea  Hai^hlra 
Doriian 

Raa  Baapahira 
Attni  A.D.  Froat 

meroBara  Aaaoelataa,  Ino. 

Sooth  ATaiaa 
Barllagton,  Maas. 


AFORL  ^-13 


Th«  Coaxial  Olpola 
Faraaatrio  Aapliflar  Antaana 


Albart  0.  Proat 


Dooaabar  1,  1962 
SCZDITXPZC  RirORT  MO.  1 


Contraot  AP19(628)-307 


praparad  for 

ELBCTROMZCS  RS8EARCH  OZRBCTORATI 

AZR  rORCI  CAMBRZOOK  RGSIARCH  LABORATORZB 

OPFZCC  OF  AIRDSFACX  RBXARCH 

UNZTKD  smsa  AZR  rOROI 

BIDPORD ,  NASSACHUSim 

toy 

AHTBIMA  SXSTBI3  LABORATORY 
UMZVSR3ZTY  OF  MR  HANPSHZRI 
OBARtMlMT  OF  XLSCTRZCAL  OiOlRSXRZMa 
DURHAM, MSW  HANFSHZRS 


R«qu««tt  for  additional  ooploa  by  Aganolaa  of  tho 
Oapartaont  of  Oofonso,tholr  oontraotors,  and  othor 
eoTomaantal  agonoloa  should  bo  dlrootod  to  tho 

ARMID  3SRVZCE3  TSCHMICAL  INFORMATION  AOINCT 
ARLINGTON  HALL  STATION 
ARLINGTON  12.  VIRGINIA. 


Dopartaont  of  Oofonso  oontraotors  aust  bars  A3TIA  sorrloos 
or  tbolr  "nood-to-know"  oortiflod  by  tho  oognlsant 
alllitary  agonoy  of  thoir  projoot  or  oontraot. 


All  othor  parsons  and  orginlsatlons  should  apply  to  that 


U.S.OITARTMINT  OF  CONMJERCI 
OFFICE  OF  TECHNICAL  SSRVZCIS 
WASHINGTON  25,  D.C. 


ABSTRACT 

A  Study  h&a  been  made  of  the  theorstloal  and 
applied  probleae  aeeooiated  with  the  design  of 
a  paraaetrlo  aapllfler  antenna  In  ooaxlal  dipole 
fora.  An  analyele  la  aada  of  the  ooaxlal  Interior, 
whloh  serves  to  pravlde  the  resonanoes  needed  for 
paraaetrlo  aapllfloatlon,  and  an  expz^aslon  Is 
derived  for  the  ooaplex  Impedanoe  seen  by  the 
varaotor  diode  In  terms  of  the  Inner  oo-axlal 
geometry, the  relative  eleotrloal  length  of  the 
output  loop, the  reoelvsr  Input  reeletanoe  and  an 
adjustable  terminating  reaotanoe.  This  latter 
eleaant  peralte  the  tuning  of  the  system  for  a 
desired  pair  of  signal  and  Idler  frequenoles. 

A  ooapleted  ttmlng  and  bias  system  for  a  quarter- 
wave  dipole  at  109  Mo.  Is  shown. 
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Introduotloa 

lh«  invantlon  and  initial  davalopaant  of  tha  paraaatrio  aaplifiar 
aatanna  waa  oarrlad  out  with  tha  aupport  of  tha  Air  Foroa  Caabridga 
Raaaaroh  Laboratoriaa,CLaotronioa  Raaaarah  Oiraotorata,  aa  a  portion 
of  tha  work  parforaad  by  aaabara  of  tha  staff  of  tha  Oapartaant  of 
naotrioal  fti^naarinst  Univarsity  of  Haw  Haapshira  undar  oontraot 
AF19(607)-3892.  Initial  ^aaas  of  this  work  wara  prasantad  in 
Soiantifio  Rsport  #2  and  #3  and  in  tha  Final  Raport  praparad  undar 
this  oontraot  as  wall  as  in  a  nuabar  of  othar  publioationa!  Froa 
a  rudiaantary  baginning  tha  aaplifiar  antanna  has  prograssad  throuf^ 
nuaaroua  stapa  of  avolution  both  in  physioal  dasign  as  wall  as  in  tha 
davalopaant  of  taohniqua.  lha  oiroult  dasign  problaas  hava  baan  thosa 
ooaaon  to  aost  paraaatrio  aaplifiars;  tha  naad  to  aabad  a  varaotor 
alaaant  into  a  autually  ooapatibla  oonfiguration  of  oirouit  alsaants 
whioh  provida  indapandant  rasonant  loops  for  tha  signal  fraquanoy 
and  tha  idlar  whioh  ara  ooaaon  to  tha  dioda,  whila  at  tha  saaa  tiaa 
allowing  affioiant  aooaaa  to  tha  dloda  for  tha  puap  signal.  To  this 
wa  hava  addad,  in  tha  oasa  of  tha  "parant"  tha  naad  to  intagrata  thasa 
dasigns  within  tha  oonfinaa  of  a  fraa  half-wava  dipola  or  a  groundad 
quartar-wava  dipola. 

Tha  prasant  oontraot  for  whioh  this  is  tha  first  Soiantifio  Rsport 
providas  diraot  support  for  tha  furthsr  davalopaant  of  this  noval  fora 
of  low-nolsa  aaplifiar.  In  lina  with  tha  basio  oonoam  of  tha  pravioua 
oontraot  in  tha  raoaption  and  analysis  of  satallita  signals  ,  initial 
paraaatrio  aaplifiar  antanna  work  was  oarriad  out  at  54  No.  using  a 
groundad  quartar-wava  dipola  and  at  108  No.  with  a  half-wava  dipola. 

In  aithar  oaaa  tha  signal  fraquanoy  was  suoh  as  to  raquira  partial 
lunpad  and  partial  distributad  tuning  natworka  whila  tha  idlar  fraquanoy 
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olroulti  ««r«  doaln«t«d  by  gaoaatrloal  and  dlitrlbutad  paraaatar 
oonaidaratlona.  Cirouit  sonflgurationa  uaad  for  tbeao  oarly  dotigns 
aro  ahom  la  tha  rafaranoaa.  Aa  was  no tad  at  that  tlaa  exetaalva 
oroaa>ooupllne  batwoan  aignal  and  Idlar  tuning  adjuatnanta  waa  notod 
in  addition  to  nunaroua  oirouit  ooaplioationa  ariaing  fron  tha 
naad  to  introduoa  tha  punping  aignal  without  aarioua  inpairaant  to 
tha  tuning  and  aalaotiaity  of  tha  othar  oirouita.  Xt  waa  not  poaaibla 
to  raaolwa  thaaa  problaaa  into  a  aatlafaotory  daaign  prooadura  bayond 
an  outlina  of  tha  ganaral  objaotivaa  of  oirouit  parforaanoa  sinoa 
tha  ooabinationa  of  luapad  and  diatributad  oirouit  alaaanta  ,  aaaaablad 
in  oloaa  proximity  ,  oould  not  ba  aoalad  to  othar  fraquaney  ooabinationa. 
Taohnioal  problaaa  aaaooiatad  with  tha  introduction  of  tha  puap  aignal 
wara  largaly  aliainatad  by  tha  addition  of  an  additional  aaall  loop 
at  tha  ground  plana  and  of  tha  dipola  aa  illuatratad  in  tha  Final 
Raport. 

With  inoaptlon  on  1  Fabruary  1962  of  tha  praaant  oontraot  para- 
aatrio  aaplifiar  worit  haa  prograaaad  in  tha  following  phaaaa. 

I.  Oawalopaant  of  a  thaoratloal  analyaia  of  tha  ooaxial  dipola 
(i  and  i  wava)  fora  of  aaplifiar-antanna  including 

(a)  linear, diatributad  oirouit  analyaia  of  tha  ooaxial 
interior  region  of  the  antenna  inoluding  tha  affaota  of 
tuning  and  tha  output  ooupling  aaohaniaa  and  leading  to 

a  ganaral  atataaant  regarding  tha  aulti-raaonant  properties 
of  the  region  and  their  control. 

(b)  iaprovaaant  and  aiaplifioation  of  tuning  prooodurao  with 
particular  aaphasia  on  aathods  uaaful  over  a  wide  fraquanoy 
range  with  only  linear  aodifioationa. 

(o)  approxiaata  oaloulationa  on  tha  current  diatribution  on 
tha  exterior  of  tha  antenna  oyllndar  and  tha  proper  length 


for  optlBUB  oignal  eapturo  and  traaafar  to  tho  intorior 
aotlTO  aapliflor. 

(d)  oonaldoration  of  tho  ooupllng  proaoat  at  tho  Intorfaoo 
botwoon  tha  artorlor  antonna  and  tho  intorior  aapllflor 
and  ita  rolatlon  to  optima  oaraotor  oporatlng  lapodanoo. 

XZ.  Cxtonalon  of  tho  Intogratod  aapllflor  •  antonna  oonoopt  to 
hlgbor  fx^quonoloa  through  tho  uoo  of  ground  piano  oloto 
ooabinod  with  roaonant  eavltloa.  Thla  work  to  bogln  with 
an  oxploratlon  of  pooalblo  slot  ohapoa,  location  of  output 
coupling  loopa  or  proboa •  blaalng  ,  uao  of  paraaltlo  aub- 
oavltloa  for  Idlor  atorago. 
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THK  COAXIAL  ANPLIFIIR  DZPOLI 


Erf  rlar  Ant«nn> 

During  th*  pr«liBln«ry  phases  of  the  work  on  parsaetrio  aapllfier 
antennas  the  eleetrloal  length  of  the  external  antenna  structure  was 
seleoted  on  the  basle  of  conventional  antenna  praotloe  to  bo  ellj^tly 
less  than  ^/2  for  the  "half-wave"  dipole  and  less  than  Va  for  the 
grounded  quarter  wave  etruoture.  An  enplrlcal  relationship  oonnonly 
quoted  In  thle  connection  is  the  expression  for  the  length 

LZO _  . 


L  -  0.48 


L/D  +  I 


D  *  dipole  dlaaeter 

This  expression  asssunes  that  the  antenna  Is  resltlvely  temlnated 
In  a  natohsd  load  at  the  center  point.  We  have  explored  the  current 
distribution  along  a  cylinder  of  finite  dlaaeter  for  the  case  In  which 
there  Is  no  oentral  load  when  placed  In  plane  wave  field  polarised 
along  the  axis  of  the  antenna.  Using  the  suoesslve  Integral  approxl- 
aatlons  of  King  and  Harrison*  a  digital  ooaputer  program  (Fortran) 
was  written  for  use  on  the  IBM  1620  for  the  calculation  of  axial 
current  distribution  ae  a  function  of  the  relative  total  length  of 
the  cylinder.  This  treafent  of  course  aesuaed  a  simple  oapaoltatlve 
loading  at  the  cylinder  ends.  Charge  concentration  at  the  ends  of  the 
antenna  oan  be  calculated  froa  derivative  of  axial  current  with  respect 
to  axial  position  evaluated  at  the  end  points.  To  simplify  the  search 
routine  the  Intended  antenna  diameter (1.5*)  and  the  operating  frequencies 
of  5ANo.  and  lOSMo.  were  directly  Introduced  Into  a  specific  size  term 
during  the  computation.  This  resulted  In  a  best  length  designation 
of  0.238  X  for  the  quarter-wave  antenna  and  0.  466  X  for  the  half 
wave  antenna,  where  the  latter  unit  ,  since  It  uses  the  sane  diameter 
oyllnier  Is  relatively  more  stubby. 


Tha  Output  OoupllaK  Baition 


Ih«  long  rootongulor  ooupllng  loop  usod  Insldo  tbo  ooaxlAl  region 
of  the  entenna  produoes  a  elgnifioant  effeot  on  the  lapedanoe  and 
resonant  behavior  of  thla  region  as  a  whole.  In  order  to  determine 
the  available  apeotrum  of  resonanoea  aa  wall  as  the  ooupllng  efflolenoy 
a  study  must  be  made  of  the  effeot  of  this  region  and  how  Its  physloal 
and  eleotrloal  parameters  oan  be  Included  Into  the  design  of  the 
amplifier-antenna  system. 

The  appearance  of  this  ooupllng  or  Interaction  region  Is  shown  In 
Fig.  1  and  Fig. 2  .  Neglecting  for  the  present  discontinuity  effects 
this  region  oan  be  defined  by  reference  to  Fig.  2  .  The  larger  dia¬ 
meter  center  conductor  la  coaxial  with  the  axis  of  the  antenna  cylinder 
while  the  output  loop  la  composed  of  the  off-center  conductor  of 
leaser  diameter.  The  rl^t  hand  boundary  ''f  the  ooupllng  region 
represents  the  lower  or  "ground*  end  of  the  quarterwave  dipole.  At 
thla  plane  (b-b')  we  have  assumed  that  the  oenter  conductor  (  trans¬ 
mission  line  *A*  )  Is  terminated  ,  with  referenoe  to  the  Inner  surface 
of  the  antenna  cylinder,  In  a  reaotanoe  X  ;  while  the  ooupllng  loop 
line  (transmission  line  "B*)  Is  terminated  at  this  same  plane  In  a 
resistance  R  .  The  left  boundary  (plane  a-a')  of  this  region  where 
there  Is  an  abrupt  tranaltlon  to  the  simple  single  ooaxlal  region 
contains  a  radial  abort  circuit  for  line  *B*  . 

A  discussion  of  the  effeot  and  Implications  of  coupled  distributed 
transmission  lines  was  presented  by  Fuchs*  as  related  to  two  wire 
open  lines  and  later  extended  by  Karakash  and  Mode'^to  symmetrical 
closed  ooaxlal  ooupllng.  In  this  report  It  has  been  neoessary  to 
extend  the  latter  treatment  to  Include  the  case  of  unequal  oharaoter- 
Istlo  Impedanoes  In  the  Individual  lines.  The  oharaoterlstlo  Imped¬ 
ances  Involved  have  been  designated  and  and  the  oontlnuous 
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Fig.  1 

Cut-away  view  of  base  of  ampllfler-antanna  showing 
osnter  conductor  and  output  coupling  loop.  It  Is 
this  lower  bl-ooaxlal  region  that  Is  termed  In  this 
report  aa  the  interaction  or  coupling  section. 
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Fig.  2 


Crosa-seotion  of  the  ooupling  region  Indicating  the 
termination  of  each  line  at  the  b-b*  plane  in  Imp- 
edanoea  X  and  R  raapeotlvely.  Theae  are  tMO-termlnal 
driving  point  Impedanoea  with  reapeot  to  the  Inner 
surface  of  the  coaxial  region.  The  discontinuities 
Introduced  by  the  vertical  end  portion  of  the  loop 
and  the  connectors  used  at  b-b'  have  not  been  Included 
In  the  preliminary  calculations  of  system  resonance. 
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distributed  mutual  Induotlve  and  oapaoltatlve  coupling  between  them 

a®  ^  • 

For  the  steady  state  case  with  an  assumed  sinusoidal  excitation 
of  constant  frequency  we  can  write  a  general  form  equation  for  the 
voltage  distribution  In  each  line  as, 


Va  •  +  Dae-i® 

v,«  C,«^®+  Di#"^® 


(1) 

(2) 

(3) 

(4) 


where  0  “  TT  X  A  ■Z^Z,—  Z^  (5) 

it  ,  complex  propagation  constant 
X  ,  distance  along  lino  from  plane  b  -  b' 

’•pplylng  the  boundary  conditions  stated  above 

0  »  0  plane  b  -  b' 


V.  -  C,  +  D. 

(6) 

I. -[Z»(C.- 0,)  +  Z,(D,-C,^/4 

(7) 

V,  -  C,  +  Da 

(8) 

i.-2.(c.-D,)  +  z,(D.-e.]4 

(9) 
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At  plana  b  •  b'  the  terminating  impadanoes  X  and  R  serve  to 
define  the  ratio  of  voltage  and  ourrent  in  the  two  lines. 

V^/1^  •  X  (10) 

Vg/I,»  R  (11) 

At  plane  a  -  a*  0  ■  0 


''a  •  “  Vg 

.  A^a-T.-ZhCi  ,i0  ^  z,D^  ~  ZmD,  ^-)0  ^  J 

V,-  C,«J^  +  (lA) 


By  the  substitution  of  equations  (6)  and  (7)  Into  (10)  and  of 
(8)  and  (9)  Into  (11)  we  obtain  two  equations  involving  the 
four  line  amplitude  parameters  0^^  ,  ,  0^  and  Df,  ,  the 

terminating  Impedanoes  and  the  length  of  the  interaction  region. 
Together  with  (12)  and  (lA)  we  have  then  four  equations  as  shown. 


0 

V, 

0 

0 


o 

o 

1 - 

Ck 

,i«f  ,-i0 

0 

0 

Da 

(XZg-A)  -(XZg+  A) 

-XZh 

XZm 

X 

c. 

-RZ,i,  +RZ,g 

(RZg-  A) 

-(RZa  +  A) 

D. 

- 

m 

• 
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The  x*e8ultlng  solutions  for  the  line  constants  will  Include  the 


arbitrary  magnitude 
Vi 


(15) 


2,.,.  .  ^ .  _ S _ _ 

(Z,Ci-ZMC,)«'«-(Z,0.-ZMD,).l* 


K  k4jk‘ 


(16) 


Where  defined  above  is  the  impedance  seen  by  line  "A",  and 


fl  •  A  [^2A*co*(20)  “2AX'Z,«in(20)  -2A*]  ^^7) 

g'  -  A  ^2(X'RZ^Z,-X'RZj)co«(20)  ♦  2ARZ^tin(20)  +  (18) 

ZX'RZ^^Z,-  ZX'RZj] 

k  ■  Z,[  2ARZACOt(20)  +  2(X'RZ|,-X'RZAZ,)tin(2  0)  + 

2ARZa]  -  AzJaR  (19) 

k'  •Z,[  2AX'ZgCOi(20)  +  2A*»ln(2 0)  -  2AX'zJ  (20) 


are  the  real  and  Imaginary  components  of  the  numerator  and 
denominator  as  indicated  in  equation  (16),  In  order  to  collect 
the  vector  terms  we  have  substituted 

X  -  jX' 

with  X'  the  positive  or  negative  magnitude  of  the  reactance 
terminating  line  "A"  at  plane  (  b  -  b'  ). 
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Paraaatrlo  Aapllfltr 

To  maxlmlzo  th«  flow  of  ourront  In  the  varaotor  at  the  signal  and 
idler  frequenolee  It  Is  necessary  that  the  varaotor  eleaent  see  a  con¬ 
jugate  reaotanoe  matoh  at  these  frequencies,  at  the  o-o'  terminal 
plane  ,  as  shown  in  Flg.3  .  The  iapedanoe  Zq-o'  a  function  of 

aeen  through  the  length  of  line  "A"  which  extends  to  the 
left  of  the  a-a*  boundary  of  the  interaction  region  discussed  in  the 
previous  section. 

We  will  assume  that  the  length  of  the  interior  region  ,  the  sum 
of  ^  and  L2  ,  is  equal  to  external  cylinder  length  L.  It  is  mechan¬ 
ically  possible  to  put  plane  b-b'  at  any  point  within  the  volume  .thereby 
reducing  the  Interior  length  or  conversely  one  can  introduce  dielectric 
materials  which  wou^d  increase  its  effective  electrical  length.  In  the 
case  of  the  grounded  quarter  wave  dipole  it  would  also  be  possible  to 
increase  the  coaxial  region  length  by  extending  the  antenna  cylinder 
below  the  ground  plane.  A  considerable  time  wae  spent  in  the  analysis 
of  such  techniques  with  the  conclusion  that  all  suffered  from  a  common 
difficulty  in  accomplishing  the  adjustments  required  to  allow  for  vari¬ 
ations  in  varactors.  The  technique  for  the  control  and  adjustment  of 
the  resonance  spectrum  of  the  coaxial  cavity  through  the  selection  of 
a  proper  form  for  reaotanoe  X  as  presented  in  this  and  following  sections 
has  proved  to  be  simple, reliable  and  subject  to  close  control  through 
direct  measurements  prior  to  final  tuning  steps. 

Examination  of  the  equations  developed  in  the  previous  section 
devoted  to  the  coupling  region  confirm  the  expectations  based  on 
magnetic  field  distribution  considerations  that  at  those  frequencies  at 
which  the  output  loop  length  is  a  half  wavelength  (  or  multiples  thereof  ) 
the  impedance  will  be  a  pure  reaotanoe  equal  to  X  and  there  will 

be  no  output  at  R  . 
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Lataral  oross-seotlon  of  quarter-wave  parametrlo 

amplifier  antenna  dipole.  The  pumping  signal  Input 

loop  has  been  omitted  for  olarlty.  It  Is  about 

20^  the  length  of  the  output  loop  and  loacted  diametrically 

opposite  at  the  base  of  the  antenna. 


3Tit«a  Design 


In  a  number  of  oasae  in  the  following  aaotlon  apeolflo  design 
parametera  have  arisen  as  a  oonsaquenoe  of  design  oholoes  regarding 
oonponant  dimensions  and  the  selection  of  operation  at  5^  Ho.  and 
108  Mo.  At  this  point  In  our  work  these  values  are  not  to  be  oon- 
slderad  optimum  selsotlons  or  reoommendatlons.  Vo  will  endeavor  to 
Indicate  these  parameters  as  they  arise  In  the  discussion  and  how 
values  appropriate  to  other  choices  could  be  obtained. 

As  noted  previously  the  relative  antenna  dipole  diameter  at  the 
operating  frequency  establishes  the  optimum  length  L.  For  the  quarter 
wave  dipole  this  was  0.238  X  .  The  size  of  the  output  loop  and  In 
particular  Its  length  Lg  determined  by  (a)  the  need  to  provide 
adequate  output  coupling  of  the  amplified  signal  and  (b)  the  need  to 
minimize  coupling  to  the  Idler  resonance  mode.  If  we  choose  an  Idler 
frequency  (f^)  at  five  times  the  signal  frequency  (fg)  then, 


L  5 

.298  Ag  = 

I.I90A{ 

L.  = 

.130  A,  = 

.690  A, 

L.= 

.100  A,  = 

.500A| 

We  now  have  the  Information  necessary  to  proceed  with  the  computation 
of  Za-a*  using  the  equations  on  page  12.  Since  the  value  of  Zq-o' 
depends  directly  on  Za-a'  seen  through  the  length  of  line  "A* 

^  we  can  Include  this  further  transformation  directly  In  our  calc¬ 
ulations. 
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If  we  deelgnata 

0  •  0(t)  eleotrleal  length  of  output  loop 

at  algnal  frequency  fg 

and 

e  •  e(»)  eleotrleal  length  of  upper  portion 
of  Inner  coaxial  region  at  fg 

•  2TrL. 

Using  the  values  suggested  on  page  16 

0to)  ■  0.2*0* 

eW  •  0.276  TT 

Z4-A*(*)  +  jZjtane(«)  # 

Z«  «.(•>  •  - — - (Za) 

while  at  the  Idler  frequency  fj 

0(1)  -  TT 

0(1)  ■  1.38  IT  for  a  similar  calculation 
of  2Q_gt(l),  using  In  both  oases  an  assumed  resistive  load  R  of 
50  ohms.  For  a  range  of  values  of  X'  from  2000  to  -2000  ohms 
we  can  determine  and  plot  Xg(B)  and  Xq(1)  as  a  function  of  X' . 
With  this  Information  we  can  then  proceed  to  determine  the  required 
values  for  X'  at  the  signal  and  Idler  frequencies.  Note  that 
iji*  ,  the  Impedance  of  the  uooer  coaxial  line  Is  not  eoual  to 


Rp(»)  +  ]Xo{8) 
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(a)  Salaot  a  trial  value  of  varaotor  oapaoltanoa 

Under  actual  operating  oondltlons  the  affective  capacitance 
for  tuning  conalderatlone  will  be  a  mean  value  of  diode  capa¬ 
citance  aa  Dumped  .  Thla  will  differ  from  the  OC  static  value 
for  a  specified  bias  point. 

(b)  calculate  varactor  reactance  at  f,  ,Xy(8)  ;and  at  fj^  ,  XyCl). 

(c)  determine  that  value  of  X'(s)  so  that 

Xq.q  *  ( 8 ) r  “Xy ( 8 ) 

(d)  determine  that  value  of  X'(l)  so  that 

Xo-o'd)  =  "  Xy(l) 

It  now  remains  to  determine  a  circuit  configuration  which,  whan 
connected  to  the  "X"  terminals  as  shown  In  Pig.  2  will  exhibit  these 
Impedances  X'(8)  and  X'(l}.  At  the  same  time  we  must  be  able  to 
provide  the  desired  OC  bias  to  the  varactor.  These  objectives  have 
been  accomplished  In  the  manner  shown  schematically  In  Fig.  4.  A 
commercial  OC  bias  Isolator  "T”  (Nlorolab  HW-02N)  has  been  combined 
with  a  length  si  of  coaxial  line  and  a  variable  capacitor  Cq  . 

By  the  appropriate  selection  of  tbs  total  effective  line  length 
between  the  ground  plane  end  of  the  coupling  region  and  the  lumped 
capacitor  It  Is  possible  to  meet  the  Impedance  conditions  noted  above. 
With  a  suitable  correction  for  the  RF  fitting  (modified  BNC)  at  the 
dipole  base  It  Is  possible  to  verify  these  Impedance  oondltlons 
using  a  bridge  and  slotted  line  prior  to  final  tuning.  Final 
adjustment  Is  achieved  using  a  signal  source  set  fg  and  a  pumping 
source  set  to  fj  +  fg  »  fp  .  Starting  with  a  low  level  of  pump 
power  we  mutually  adjust  Cq  and  the  DC  bias  for  maximum  gain,  Increase 
and  repeat. 
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Fig.  4 


Sohematlo  presentation  of  the  oonblnatlon  of 
blcoaxlal  resonant  region  within  the  antenna  dipole 
and  the  combination  liunped  and  distributed  element 
region  required  for  tuning  and  bias  connection. 
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In  aooordano*  with  the  design  oonslderatlons  outlined  In  the 
preceding  sections  the  antenna  pictured  In  Figs.  5  to  8  was  con¬ 
structed.  The  Interior  coaxial  region  of  the  dipole  was  In  the  usual 
form  as  shown  In  Fig.  3  with  a  small  additional  coupling  loop  added 
for  the  pump  signal  Input.  This  construction  Is  shown  In  detail  In 

5  f  6  and  7  In  the  Final  Report  of  Sept.  30  1961  for  AF19( 604) -3892, 
The  slgnal/ldler  tuning  arrangement  diagramed  In  Fig. 4  of  this  report, 
was  fabricated  In  a  cast  metal  base  box  enclosure  as  pictured  In  Fig.  5. 

In  the  model  pictured  here  a  three  section  low-pass  filter  was  Included  In 
the  signal  output  circuit.  With  Its  critical  frequency  set  well  above 
the  signal  frequency  but  below  the  Idler  It  served  to  further  prevent 
loss  of  Idler  or  pump  frequency  energy  Into  the  receiver.  The  filter  Is 
located  Inside  of  a  partition  on  the  left  of  the  Interior  of  the  box. 

Fig. 6  shows  the  tuning  elements  oonoemed  with  the  determination  of 
the  parameter  X'.ae  seen  by  the  coaxial  region  through  a  modified 
BNC  connector,  prior  to  final  Installation  within  the  base  box.  The 
system  Is  composed  of  the  combined  effect  of  the  monitor  "T"  (  Mlorolab 
HW-02N)  ,  two  right  angle  adapters(U0-306/U) ,BNC  cable  connector  plug 
(UQ-38/U),  a  length  of  RO  58/U,  a  second  UO-88/U,  a  right  angle  conn¬ 
ector  (UO-535/U)  uid  a  terminating  variable  air  capaoltor(MACP-50) . 

The  units  In  this  case  were  selected  for  convenient  assembly  and  were 
suited  to  use  In  the  frequency  range  of  108  Mo.  (signal  frequency) 
and  492  Nc(  Idler  frequency).  At  higher  frequencies  the  use  of  connectors 
would  be  less  satisfactory  and  this  ^ole  system  could  resolve  Into 
a  very  simple  strip-line  structure  ,  etched  to  approximate  size  and 
tuned  by  dielectric  or  conducting  posts. 

In  the  upper  right  of  the  Inclosure  can  be  seen  a  type  N  bulkhead 
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Fig.  5 

Enclosure  at  base  of  antenna  showning  slgnal/ldler 
tuning  line  and  capacitor,  output  loop  filter  and 
pump  signal  Input.  Standard  BNC  connectors  are  used 
to  connect  the  special  tuning  section  to  the  center 
conductor  so  that  a  preliminary  measurement  of  this 
Impedance  (X)  oan  be  made  before  final  assembly. 
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Fig.  6 

Coaxial  tuning  section  and  bias  Input  “T"  prior  to 
asaembly  In  tuning  box  Incloaure.  The  air  capacitor 
Is  located  on  the  right. 


I 

I 

I 
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reo«ptaol«(ua-680/U)  uiad  for  tho  ampllfiod  RF  output.  At  the  lower 
end  of  the  tame  aide  oan  be  aeen  the  Nlorodot  reoeptaole(31-01)  used 
for  the  OC  bias  and  a  seoond  U0>680/U  for  the  pump  signal  input. 

A  top  view  of  the  lower  portion  of  a  quarter  wave  dipole  is  shown 
in  Fig.  7  .  In  operation  the  hexagonal  head  machine  bolts  whioh  oan  be 
seen  on  the  flange  baas  are  used  to  support  the  dipole  whioh  is  attached 

r**—  •.« 

to  the  ground  plane  sheet 
with  the  tun^g  enolosure 
below  the  surfaoa  as  shown 
in  the  sketoh  at  the  right. 

Preliminary  adjustment  of 
the  tuning  seotion,  Involving 


the  length  of  the  cable  section 
and  a  tentative  setting  of  tho 


FiE  7 


capacitor,  was  aooompllshed  using  a  Hewlett-Packard  VHF  bridge. 

As  a  oonsequenoe  satisfactory  operation  was  obtained  by  control 
of  bias  and  pump  level  alone.  Operating  gains  of  6  to  lA  db  were 
measured  at  108  Me.  These  results  were  not  necessarily  optimum 
in  terms  of  efficient  pumping  or  noise  figure.  Our  capability  for 
measurements  in  these  two  areas  is  being  Improved  and  we  expect  to 
include  these  important  parameters  in  future  design  ireports. 
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rig.  7 

View  of  the  base  of  the  assembled  dipole  and 
tuning  unit. 
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Caloulatlona 

The  oaloulationa  required  for  the  determination  of  the  X'  term¬ 
ination  of  the  Interaction  region  to  provide  reeonant  reaotanoe  cond¬ 
itions  at  the  upper  of  the  dipole  have  been  Indicated  as  equations  (16) 
to(20)  on  page  12.  These  expressions  Involve  simple, direct  evaluation 
but  require  a  large  number  of  computations  for  each  finally  determined 
coordinate  point.  They  have  accordingly  been  programmed  for  machine 
computation  In  the  form  of  a  table  of  2q_o'  values  as  a  function  of 
X'.  This  table  or  aeries  of  tables  correspond  to  a  decision  regarding 
the  relative  length  of  the  entire  coaxial  region  and  of  the  coupling 
region,  combined  with  Information  on  the  three  geometrical  parameters 
representing  the  characteristic  Impedance  of  the  symmetrical  coaxial 
structure  consisting  of  the  canter  conductor  and  the  Inner  surface  of 
the  antenna  cylinder,  an  asymmetric  systems  comprising  the  output 
loop  and  the  Inner  cylinder  surface,  Z3  ;  and  the  mutual  Impedance 
between  them,  . 

Through  •  conformal  transformation  It  Is  possible  to  determine  an 
equivalent  two-wl re- over-ground-plane  configuration  for  a  balanced 
two  wire  coaxial  line  suoh  as  RO  22/U.  From  the  former  It  Is  then 
possible  to  compute  the  self  and  mutual  Impedanoes  .  We  have  sought 
to  develop  a  modification  of  this  treuisformatlon  which  would  transform 
the  structure  at  hand  to  one  subject  to  direct  calculation.  Fending 
the  outcome  of  this  study  for  an  explicit  expression  for  the  needed 
parameters  preliminary  computations  were  made  using  estimated  values 
based  on  single  wire  systems  and  measurements  of  mutual  capacity.  While 
Indicating  In  a  general  way  the  validity  of  the  approach,  they  are  too 
approximate  for  the  needs  of  the  low  loss  and  hence  high  Q  systems  In 
the  present  designs.  In  view  of  this  limitation  we  have  supplemented  our 
Information  on  an  aotual  antenna  model  by  direct  measurement  of  the 
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existing  pattern  of  resonant  frequeoles  for  various  known  terminations 
of  the  "A"  and  "B"  lines. 

A  recent  report  by  Natstimoto  ^  has  presented  two  new  avenues  for 
further  progress  In  this  Important  area.  Ihese  are  (a)  his  suggeetlon 
of  a  transformation  whloh  presents  an  asymmetric  bl-ooaxlal  structure, 

In  whloh  neither  oonduotor  Is  on  the  central  axis,  equivalent  to  the 
oross-eeotlon  geometry  tdiloh  oharaoterlzes  the  antenna  auspllfler, 
that  Is  one  central  and  one  off  center  oonduotor,  and  (b)  the  presentation 
of  a  multiple  Image  solution  to  the  self  and  mutual  Impedanoe  matrix. 

It  Is  antlolpated  that  both  of  these  contributions  will  be  significant. 

The  latter, In  allowing  approximate  solutions  for  structures  of  speolflo 
design  and  the  former  In  furthering  the  search  for  explicit  forma  needed 
for  optimization. 
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THE  SLOT  AMPLIFIER  ANTENNA 

The  upp«r  fraquanoy  limit  fop  tha  praotloal  applloatlon  of  tha 
ooaxlal  dipola  form  of  "parant**  haa  not  baan  axplorad  In  datall. 

It  would  appaar,howavar,that  somatAiat  abova  330  to  400  Mo.  tba 
naoaaaary  phyaleal  alza  of  a  "thin"  dipola  would  aarloualy  oomplloata 
tha  maohanloal  fabrloatlon  of  tha  Innar  region  and  In  partloular  tha 
output  loop.  In  view  of  recently  reported  oopper-olad  materlala  with 
reduced  loaa  at  high  fraquenclaa  It  la  poaalbla  that  aoma  form  of 
printed  or  etched  configuration  could  extend  thla  limit  aomewhat  higher. 
We  have  according  considered  other  forma  of  aintenna  and  In  partloular 
the  ground  plane  slot  backed  by  a  resonant  cavity.  This  work  la  In 
a  preliminary  stage  and  haa  Involved  the  evaluation  of  Input,  output 
coupling  methods, diode  location  and  the  use  of  parasitic  cavities 
or  resonator  arrays  for  Idler  storage.  Slots  used  have  been  of  the 
typeshown  In  Pig.  9(a)  built  for  experiments  at  363  Mo.  Measurements 
have  been  made  using  the  outdoor  ground  plane  screen  shown  in  Fig.  9(b) 
This  so  -sen  haa  been  erected  for  this  purpose  on  the  rear  wall  of  the 
Engineering  building  at  the  University.  Convenient  access  to  the 
rear  of  the  slot  cmd  the  cavity  walls  Is  possible  throu^  a  laboratory 
window  as  can  be  seen  In  Fig  9(o);  which  leads  to  a  speolal  research 
area  devoted  to  this  work. 
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Fig.  9(a)  Teat  alot  prior  to  mounting  . 

Conatx*uotad  of  ahaet  copper  the 
alot  aperture  la  /  at  365  Mo. 


Fig  9(b)  Twelve  by  twelve  foot  vertloal  referenoe 
ground  plane  ahown  aa  eireoted  on  the 
rear  wall  of  Kingsbury  Hall.  U.N.H. 

A  test  alot  la  In  position  near  the 
center  of  the  plane. 


Fig.  9(0)  Interior  view  of  ground  plwe  shown  In 
Fig.  9(b)  above  showing  ready  aooeaa  to 
the  rear  terminals  of  the  slot  structure. 


CONCLUSIONS 


A  consideration  of  the  elements  Involved  In  the  effective  design 
of  a  parametrlo  amplifier  antenna  In  coaxial  dipole  form  has  lead  to 
an  analysis  of  the  Impedance  character  of  the  Interior  region  of  the 
antenna.  In  the  dipole  as  presently  used  this  region  Is  ohsraoterizad 
by  a  simple  single  center  conductor  coaxial  line  section  In  the  outer 
or  end  region  and  an  asymmetric  dual  coaxial  section  in  the  center  cr 
lower  portion.  This  Interaction  or  coupling  region  involves  mutually 
coupled,  distributed  parameter  lines  and  is  In  effect  a  three-port. 

The  varactor  diode  views  this  region  as  a  driving  point  impedance  seen 
through  the  upper  port  and  rotated  through  the  electrical  length  of  the 
upper  line  section.  In  order  that  the  varactor  ,  as  pumped  ,  be  tuned 
to  the  signal  and  Idler  frequencies  a  significant  measure  of  control 
must  be  had  over  the  magnitude  and  sign  of  this  Impedance.  Assuming 
that  the  output  loop  la  most  conveniently  terminated  In  a  simple 
resistance  equal  to  that  of  flexible  transmission  cable,  control  of 
the  reactance-frequency  pattern  at  the  remaining  port  will  serve  to 
provide  the  necessary  tuning  adjustment  ard  Inoldently  provide  access 
for  DC  bias.  Realization  of  this  tuning  reactance  in  the  form  of  a 
length  of  coaxial  line  terminated  by  a  lumped  capacitor  has  made  a 
significant  Improvement  in  the  practical  aspects  of  tuning. 

Further  work  is  now  in  progress  to  Improve  our  evaluation  of  the 
self  and  mutual  Impedances  Involved  in  the  coupling  section.  While 
conventional  antenna  theory  has  been  used  as  a  preliminary  guide  in  the 
selection  of  an  antenna  length  a  consideration  must  be  made  of  the 
perturbation  in  this  value  due  to  the  active  Impedance  of  the  amplifier 
and  varactor. 
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